This paper discusses the application of computer simulation for the analysis of productivity of breakwater construction. Data collected ftom the first stage of the
INTRODUCTION
Construction engineers are involved with the efficient design of construction methods or processes. Processes in the execution of a construction method are often cyclic in nature and any increase in productivity and efficiency gyeatly enhances project performance (Vanegas et al. 1993) . Computer simulation allows the modeling of resource driven, repetitive construction processes to assist in identi&ing problems in attaining satisfactory production. Once these problems are analyzed, the solutions can be applied to the cyclic processes to enhance production and resource utilization (Abraham and Halpin 1994 (represented by a circle element). The resource will. move between the two states. The modeling elements used to build the CYCLONE model and the rules for structuring CYCLONE network models using these elements are described in Table 1 .
BREAKWATER CONSTRUCTION
A breakwater is a structure which has the fimction of "breaking" the "waters" and providing a shelter for the artificial area formed by the structure, thereby protecting the hmd from the effect of sea waves (hnm 1985) . They are usually built perpendicular to the shore to interrupt th[e normal transport of sand along the shore.
The most common type of breakwaters is the mound type, constructed using natural reeks and rubble or a combination of rocks, rubble and concrete blocks.
Rubble mound breakwaters dissipate most of the wave ener~and thereby reduce wave transmission and reflection (Quinn 1972 Figure 1 shows the three stages of the project. Data collected from the fist stage of the South Star Project is used for the modeling simulation and pmdw=tivity analysis of the study. The width of the foundation of the rubble mound breakwater is 70 m and it tends to narrow down as the constmetion advances into the sea-The height of the structure is 17 m and the totaI length is 2,000 m. A non-constraint task. It is like a serving station with an intinite number of servers.
A task constraint by the availability of more than one type of resource. A resource amiving at a COMBI waits until all other required resources are available before it is processed.
A waiting area for a resource. A resource arriving at a QUEue node will stay in the node until a COMBI is rmdy to process ic Devised so it will provide some flexibility by allowing the creation of new elements.
Keeps track of the number of times utits pass it. It does not alter any of the resources or their mooczties. is a Pl@C tierial which lies on top of the sand to prevent the addition or loss of sand after it reaches its required waterbed level.
The f2bric is processed into 12.5 m x 70 m pieces, tied with steel bars before being hmded to the site and spread onto the waterbed The presence of the steel bars increases the weight of the fabric and prevents floating due to wave action. Spreading the non-webbed fhbric is a task that needs coordination with the intensity of the tide. The process can be done only at the time of constant The crown slab often serves as a road for access to other facilities like piers or quays, and for maintenance vehicles.
The crown wall is built on the slab at the wave-exposed face of the brea.tmater structure. On the South Star Project, ashcrete was used as Portland cement concrete replacement.
After the breakwater structure is built, the defined area is ready for waste landfills. In this project, the landfilled area is approximated 50 hectares and is filled with approximately 800,000 m3 of construction and non-hazardous wastes (Environmental Protection Bureau 1991).
Simulation of Breakwater Construction
The processes involved in breakwater construction were modeled using the CYCLONE methodology and the 
ANALYSIS OF SIMULATION RESULTS
The results of the simulation (based on 40 cycles)
showed that the construction of brealmvaters proceeds at the rate of 0.15 m per hour. This compares very well with the actual rate of 0.14 m per hour. Unit production varies as the number of cycles increases (see Figure 4) . A dip in production occurs as the non-stationary durations of travel times are increased. After cycle number 30, the production levels to 0.15 mhr. These summary results were discussed with the project engineer and found to be consistent with the observed progress on the actual site.
The project engineer was interested in analyzing the effects of changing the quantity of key resources on the project.
Sensitivity analyses were performed, with ditYerent numbers of resources at QUEUE 2 (pump boat), QUEUE 38 (backhoe), QUEUE 57 (long-armed backhoe), QUEUE 68 (150 t crane) and QUEUE 78 (100 t crane). These resources tend to be involved in multiple tasks. Table 2 shows one of the report of sensitivity analyses. The most optimal combination of resources (run 12) was one pump boat, two backhoes, one long-armed backhoe, one 150 t crane and two 100 t cranes. This combination was deemed acceptable by the project engineer (both in terms of availability of resources and accessibility on the site) for fhture consideration.
Modeling (and analyzing the breakwater process also proved the importance of planning the storage area of the materials more appropriately. Proper planning of the storage areas and the lay-down areas reduces the transporting time of the materials and reduces overall cycle time.
CONCLUSIONS
A major problem one encounters when simulating a, construction project is the complexity involved in modeling. Traditionally, the construction industry has been reluctant to invest the effort to build such models. That attitude is slowly changin~as decision makem recognize that accurate and detailed representation of He was on the fmulty at Georgia Tech (1973 Tech ( to 1985 , and held the A. J. Clark Chair Professor position at the Universi~of Maryland (1985) (1986) (1987) .
He developed the CYCLONE methodolo~for construction simulation. He has received many awards, including the Puerifoy Awar4 for his contributions to computer applications in civil and construction engineering.
